ARMY TM 5-852-1 



AIR FORCE AFR 88-19, Volume 1 



TECHNICAL MANUAL 

ARCTIC AND SUBARCTIC CONSTRUCTION 

GENERAL PROVISIONS 



DEPARTMENTS OF THE ARMY AND THE AIR FORCE 

4 September 1987 



REPRODUCTION AUTHORIZATION/RESTRICTIONS 

This manual has been prepared by or for the Government and, except to the extent indicated below, is public property and 
not subject to copyright. Copyright material included in the manual has been used with the knowledge and permission of 
the proprietors and is acknowledged as such at point of use. Anyone wishing to make further use of any copyrighted 
material, by itself and apart from this text, should seek necessary permission directly from the proprietors. 

Reprints or republications of this manual should include a credit substantially as follows: "Joint Departments of the Army 
and Air Force, USA, Technical Manual TM 5-852-1 /AFR 88-19, Volume 1, Arctic and Subarctic Construction: General 
Provisions, 4 September 1987." 

If the reprint or republication includes copyrighted material, the credit should also state: "Anyone wishing to make further 
use of copyrighted material, by itself and apart from this text, should seek necessary permission directly from the 
proprietors." 



TECHNICAL MANUAL 
No. 5-862-1 
AIR FORCE MANUAL 
AFR 88-1 9, Volume 1 



*TM 5-852-1/AFR 88-19, Volume 1 

HEADQUARTERS 

DEPARTMENTS OF THE ARMY 

AND THE AIR FORCE 

WASHINGTON, D. O, 4 September 1987 



ARCTIC AND SUBARCTIC CONSTRUCTION-GENERAL PROVISIONS 



P aragra ph 
Chapter QT] GENERAL PHI 



Purpose Qj 

Scope Q: 



Need for special approaches 1 1-3 



2-1 



Definitions M-4 

Chapter \£\ ARCTIC AND SUBARCTIC REGIONS 

Introduction 

Temperature conditions 

Precipitation, snow cover and snow loads 
Ice cover 



2-2 



2-3 



2-4 



2-5 



2-6 



2-7 



2-8 



2-9 



2^101 



3-1 



3-2 



3-3 



Wind and wind chill 

Visibility and natural illumination 

Vegetation 

Special surficial features and markings 

Seismic activity 

Graphic summaries 

Chapter QT] ENVIRONMENTAL IMPACT CONSIDERATIONS 

National environmental policy 

U.S. Army environmental quality program 

U.S. Air Force environmental quality program 

Environmental effects I 3-4 

DEEP SEASONAL FROST AND PERMAFROST 

Distribution 

Characteristics of permafrost 

FACILITIES ENGINEERING IN AREAS OF DEEP SEASONAL FROST AND 
PERMAFROST 

General 

Site selection and development 

Airfield pavements and roads 

Foundations for structures 

Utilities 



Chapter [4~l 

Chapter \E\ 



4-1 



4-2 



Appendix [A" 

Appendix IB 

I Bibliography [ ... 



Drainage and groundwater 

Building design practices 

Construction management and practices 

Construction operations 

GENERAL AIR INDEX INFORMATION FOR NORTH AMERICA AND EURASIA ... 
REFERENCES 



Page 



■h 



■1 



m 



2-1 1 
2-11 
2-1 1 
2-1 1 


2-13 


2-16 


2-16 


2-19 


2-19 


2-19 



3-1 



3-1 



3-1 



3-1 



BEE 
L43 



Figure No 



■H 

-2 



m 



zm 



2^271 



231 



2^4~1 



r^Bn 



LIST OF FIGURES 

Determination of freezing and thawing indexes 

Mean date of the beginning of the freezing season 

Mean date of the beginning of the thawing season 

Northern cold regions: polar limits and zones 

Location of observation stations in Alaska and Canada 

Distribution of mean annual air temperature (°F) in North America 

Distribution of mean annual air temperature (°F) in northern Eurasia . 
Mean monthly and annual precipitation at selected stations 



5-1 




5-1 


5-2 




5-2 


5-3 




5-2 


5-4 




5-2 


5-5 




5-3 


5-6 




5-4 


5-7 




5-4 


5-8 




5-5 


5-9 




5-6 




A-1 
R-1 








l.Biblio- 



Page 



13 



m 



Ml 



m 



2^61 



This manual supersedes TM 5-852-1 /AFM 88-19, Chap. 1, dated 25 February 1966. 



Figure No 



TM 5-852-1 /AFR 88-19, 



Volume 1 

Page 



2-5b. Location of stations 

2-6a.| Snow cover of 1 inch or more in Canada-mean annual date of first snow cover 

2-6b.| Snow cover of 1 inch or more in Canada-mean annual d2ate of last snow cover 

2-7a. Stable snow cover, USSR-average dates of formation 

2-7b. Stable snow cover, USSR-average dates of destruction 

1 2-8. 1 General variation in maximum snow load (Ib/ft2) on the ground in Canada 

1 2-9. | Dry-shade atmospheric cooling (wind-chill values) 

2-10. Typical January wind-chill values for North America 

2-11. Solar illumination in the Arctic 

2-12. Hours of sunlight 

2-13. 1 Hours from dawn to dark-twilight and sunlight 

2-14. 1 Work feasibility chart, Point Barrow, Alaska Fold-out 

back 

4-1. 1 Approximate distribution of permafrost in North America 

4-2. Approximate distribution of permafrost in Eurasia 

4-3. 1 Typical sections through ground containing permafrost 

5-1.1 Permafrost degradation under different surface treatments over a 26-year 

period at Fairbanks, Alaska 

A-1a. | Distribution of mean air freezing indexes ('F-North America 

A-1b. Distribution of mean air freezing indexes (F)-Northern Eurasia 

A-2a. Distribution of mean air thawing indexes (°F -North America 

|A-2b.| Distribution of mean air thawing indexes (°F-Northern Eurasia 

I A-3.I Distribution of design air freezing index values for pavements in North America (CF) 

I A-4.I Distribution of design air thawing index values for pavements in North America (°F) 



E3 
ESS 



2-11 


2-111 


2-121 


2-14 


2-15 


2-16 


2-17 


2-18 



located in 
of manual 



4-2 



4-3 



4-4 



E 



A-2 



A-3 



A-4 



A-5 



7^61 



Ml 



TM 5-852-1/AFR 88-19, Volume 1 



CHAPTER 1 
GENERAL 



1-1. Purpose 

This manual contains general criteria and information for 
considering frost action, permafrost and other factors in 
the design of military facilities in arctic and subarctic 
regions. 

1-2. Scope 

The contents of this manual are applicable to both Army 
and Air Force construction. This manual provides basic 
background data for the detailed criteria pertaining to the 
various elements of arctic and subarctic facility design 
presented in the other manuals of the Arctic and 
Subarctic Construction series, TM 5-852-2 thro ugh 7, 
and 9/AFR 88-19, Volume 2, 5 and 6/AFM 88-19. IChapTI 
SIIS7, and 9. 

1-3. Need for special approaches 

In the design, construction and maintenance of facilities 
such as roads, utilities and buildings in arctic and 
subarctic regions, many problems are encountered that 
(do not exist, or are not present in the same degree, in 
more temperate regions. These problems arise, for 
example, from the presence of permafrost over vast 
areas, with its potential for thaw and thaw settlement; 
from the special properties of frozen soil, frozen rock and 
ice; from the effects of frost heave and other phenomena 
in soil, rock, paving and other materials subject to 
intense annual cycles of freezing and thawing 
temperatures; from drainage, water supply and 
sewerage problems peculiar to those regions; and from 
such factors as the shortness of the above-freezing 
summer season, the limited amount of daylight in fall and 
winter, environmental aspects, and often difficult 
conditions of transportation, access and 
communications. Special design, construction and 
maintenance approaches, and management of 
construction are often required to cope with such 
problems and to meet stability and operational 
requirements for facilities. 

1-4. Definitions 

Certain specialized terms used in current literature on 
frost and permafrost and in the Arctic and Subarctic 
Construction manuals are defined below. Additional 
terms pertinent to heat transfer calculations are defined 
in TM 5-852-6/AFR 88-19, Volume 6. 
a. Regions. 

(1) Arctic. The northern region in which 
the mean temperature for the warmest month is less 
than 50°F and the mean annual temperature is below 
32°F. In general, the arctic land areas coincide 
approximately with the tundra region north of the limit of 
trees. 



(2) Subarctic. The region adjacent to the 
Arctic in which the mean temperature for the coldest 
month is below 32°F, the mean temperature for the 
warmest month is above 50°F, and in which there are 
less than 4 months having a mean temperature above 
50°F. In general, subarctic land areas coincide with the 
circumpolar belt of dominant coniferous forest. 

(3) Seasonal frost areas. Those areas of 
the earth in which there is significant freezing during the 
.winter but without development of permafrost. 

b. Soil and frost terms. 

(1 ) Active layer. A commonly used term in 
permafrost areas for the annual frost zone. 

(2) Aggradation. Progressive raising of 
the permafrost table, taking place over a period of years. 

(3) Annual frost zone. The top layer of 
ground subject to annual freezing and thawing. In arctic 
and subarctic regions where annual freezing penetrates 
to the permafrost table, the active layer, suprapermafrost 
and the annual frost zone are identical. 

(4) Closed system. A condition in which 
no source of free water is available during the freezing 
process beyond that contained originally in the voids of 
soil. 

(5) Creep. Extremely slow, continuing 
strain deformation of material under stress, at rates so 
slow as to usually be imperceptible except by 
observations of high precision or of extended duration. 

(6) Degradation. Progressive lowering of 
the permafrost table, occurring over a period of years. 

(7) Excess ice. Ice in excess of the 
fraction that would be retained as water in the soil voids 
upon thawing. 

(8) Frost action. A general term for 
freezing and thawing of moisture in materials. It also 
covers the effects on these materials and on structures 
of which they are a part or with which they are in contact. 
The term "frost" is often used to refer to frost action in 
general. 

(9) Frost boil. The breaking of a limited 
section of a highway or airfield pavement under traffic 
and ejection of soft, semi-liquid subgrade soil. This is 
caused by the melting of the segregated ice formed by 
frost action. 

(10) Frost creep. The ratchet like 
downslope movement of particles as a result of frost 
heaving and subsequent ground settling upon thawing. 
The heaving is predominantly normal to the slope and 
the settling more nearly vertical. 

(11) Frost heave. The raising of a surface 
because of ice formation in the underlying soil. 

(12) Frost slough. A shallow slide that 
occurs when the stability of frost-loosened and 
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moisture-saturated fine-grained soils on slopes is 
reduced during thaw. 

(13) Frost-susceptible soil. Soil that will 
experience significant ice segregation when the requisite 
moisture and freezing conditions are present. Such so ils 
are further defined in TM 5-818-2/AFM 88-6, Chap. 4J 

(14) Frost table. The surface, usually 
irregular, that represents the level, at any time in spring 
and summer, to which thawing of seasonal frozen 
ground has penetrated. 

(15) Frost thrust. A force due to frost 
action. 

(16) Frozen zone. A range of depth within 
which the soil is frozen. 

(17) Ground ice. A body of more or less 
soil-free ice within frozen ground. 

(18) Heterogeneously froze, soil. A soil 
with part of its water frozen as macroscopic ice 
occupying space in excess of the original voids in the 
soil. 

(19) Homogeneously frozen soil. A soil in 
which water is frozen within the material voids without 
macroscopic segregation of ice. 

(20) Ice segregation. The grow the of ice 
within soil in excess of the amount that would be 
produced by the in-place conversion of the original void 
moisture to ice. Ice segregation occurs most often as 
distinct lenses, layers, veins and masses, commonly, but 
not always, oriented normal to the direction of heat loss. 

(21) Ice wedge. A wedge-shaped ice mass 
in permafrost, usually associated with fissures on trough 
type polygons. 

(22) Non frost-susceptible materials. 
Cohesionless materials such as crushed rock, gravel, 
sand, slag and cinders in which there is no significant ice 
segregation unde r normal freezing conditions (see TM 
5818-2/AFM 886. IChap^jfl. 

(23) Normal period. The time of the year 
when there is no alteration in strength of foundation 
materials because of frost action. In seasonal frost 
areas, it generally extends from mid or late spring to mid 
or late fall. 

(24) Open system. A condition where free 
water in excess of that contained originally in the voids of 
the soil is available to be moved to the surface of 
freezing to form segregated ice in frost-susceptible soil. 

(25) Percent heave. The ratio, expressed 
as a percentage, of the amount of heave to the depth of 
frozen soil. 

(26) Permafrost. Perennially frozen ground. 
It may be defined more specifically as a thermal 
condition in soil or rock in which temperatures below 
32 °F persist over at least two consecutive winters and 
the intervening summer. 

(27) Permafrost base. The lower boundary 
of permafrost. 

(28) Permafrost, continuous. Permafrost 
occurring everywhere beneath the exposed land surface 
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throughout a geographic region, with the exception of 
widely scattered locations. 

(29) Permafrost, discontinuous. Perma- 
frost occurring in some areas beneath the ground 
surface throughout a geographic region where other 
areas are free of permafrost. 

(30) Permafrost table. An irregular surface 
within the ground that represents the upper boundary of 
permafrost. 

(31) Residual thaw layer. A layer of 
unfrozen ground between the permafrost and the annual 
frost zone. This layer does not exist where annual frost 
(active layer) extends to permafrost. 

(32) Solifluction. The perceptible slow 
downslope flow of saturated unfrozen soil over a base of 
impervious or frozen material. Movement takes place 
primarily when melting of segregated ice or infiltration of 
surface runoff concentrates excess water in the surface 
soil, which then behaves like a viscous fluid. 

(33) Suprapermafrost. The entire layer of 
ground above the permafrost table. 

(34) Tangential adfreeze shear. Tangential 
shear between frozen ground or ice and another material 
to which it is bonded by freezing. 

(35) Thaw-stable froze soils. Frozen soils 
that do not, on thawing, show loss of strength below 
normal, long-time thawed values nor produce detrimental 
settlement. 

(36) Thaw-stable frozen soils. Frozen soils 
that show, on thawing, significant loss of strength below 
normal, long-time thawed values or significant 
settlement, as a direct result of the melting of excess ice 
in the soil. 

c. Temperature-related terms. 

(1) Average annual temperature. The 
average of the average daily temperatures for a 
particular year. 

(2) Average daily temperature. The 
average of the maximum and minimum temperatures for 
one day or the average of several temperature readings 
taken at equal time intervals during one day, generally 
hourly. 

(3) Average monthly temperature. The 
average of the average daily temperatures for a 
particular month. 

(4) Breakup period. The period of the 
spring thaw during which the ground surface is 
excessively wet and soft, and ice is disappearing from 
streams and lakes. Duration of the breakup period 
varies usually from 1 to 6 weeks, depending on region or 
local climatic conditions. 

(5) Degree-days. The degree-days for 
any one day equal the difference between the average 
daily air temperature and 32°F. The degree-days are 
negative when the average daily temperature is below 
32 °F (freezing degree-days) and positive when above 
(thawing degree-days). Degree-days may be computed 
in either Fahrenheit or Celsius units; in this 
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manual, Fahrenheit degree-days are used. I Figure Q] 
shows a typical curve obtained by plotting cumulative 
degree-days versus time. 

(6) Design, freezing index. For design of 
permanent pavements, the design freezing index should 
be the average air freezing index of the three coldest 
winters in the latest 30 years of record. If 30 years of 
record are not available, the air freezing index for the 
coldest winter in a 10-year period may be substituted. 
For design of foundations for average permanent 
structures, the design freezing index should be 
computed for the coldest winter in 30 years of record or 
should be estimated to correspond with this frequency if 
the number of years of record is limited. Periods of 
record used should be the latest available. To avoid the 
necessity for adopting a new and only slightly different 
freezing index each year, the design index at a site with 
continuing construction need not be changed 



more than once in 5 years, unless the more recent 
temperature records indicate a significant change. A 
design fre ezing index for pavements is illustrated in 
I figure 1-il 

(7) Design thawing index. The design 
thawing index is computed on the same frequency and 
other bases as the design freezing index, except that 
summer thaw conditions are used. 

(8) Freezeup period. The period during 
which the ground surface freezes and an ice cover is 
forming on streams and lakes. The duration of the 
freezeup period varies from 1 to 3 months, depending on 
regional or local climatic conditions. 

(9) Freezing index. The number of 
degree-days between the highest and lowest points on a 
curve of cumulative degree-days versus time for one 
freezing season. It is used as a measure of the 
combined duration and magnitude of below-freezing 
temperatures 
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Figure 1-1. Determination of freezing and thawing indexes. 
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occurring during any given freezing season. The index 
determined for air temperatures at approximately 4.5 feet 
above the ground is commonly designated as the air 
freezing index, while that determined for temperatures 
immediately below a surface is known as the surface 
freezing index. 

(10) Freezing season. That period of time 
during whic h the averag e daily temperature is generally 
below 32 °F. I Figure 1-2"l shows mean dates for beginning 
of the freezing season in the Northern Hemisphere. 

(11) Frost-melting period. An interval of the 
year during which ice in the ground is returning to a liquid 
state. It ends when all of the ice in the ground is melted 
or when freezing starts again. Although in the 
generalized case there is only one frost-melting period, 
beginning during the general rise of air temperatures in 
the spring, one or more significant frost melting intervals 
may take place during a winter season. 

(12) Geothermal gradient. The temperature 
gradient in the ground below the zone of annual 
temperature fluctuations, produced by the continuous 
flow of heat from the Earth's hot interior toward the 
relatively cool Earth's surface. 

(13) Mean annual temperature. The 
average of the average annual temperatures for several 
years. 

(14) Mean daily temperatures. The 
average of the average daily temperatures for a given 
day for several years. 

(15) Mean freezing index. The freezing 
index determined on the basis of mean tempe ratures. A 
mean freezing index is illustrated in lfiqure 1T1 

(16) Mean monthly temperature. The 
average of the average monthly temperatures for a given 
month for several years. 

(17) Mean thawing index. The thawing 
index determined on the basis of mean tempe ratures. A 
mean thawing index is illustrated in lfiqure 1T1 

(18) n-factor. The ratio of surface index to 
air index for either freezing or thawing. Surface index 
equals air index multiplied by the n factor. 

(1 9) Period of weakening. An interval of the 
year that starts at the beginning of the frost-melting 
period and ends when the subgrade strength has 
returned to normal period values or when freezing starts 
again. In seasonal frost areas, the period of weakening 
may be substantially longer than the frost-melting period, 
but in permafrost areas the periods coincide. 

(20) Thawing index. The number of 
degree-days between the lowest and highest points on a 



curve of cumulative degree-days versus time for one 
thawing season. It is used as a measure of the 
combined duration and magnitude of above-freezing 
temperatures during any given thawing season. The 
index determined for air temperatures at 4.5 feet above 
the ground is commonly called the air that determined for 
temperatures immediately below a surface is known as 
the surfac e thawing index. A thawing index is shown in 
I figure 1-il 

(21) Thawing season. That period of time 
(luring whic h the averag e daily temperature is generally 
above 32°F. I Figure 1-3l shows mean dates for beginning 
of the thawing season in the Northern Hemisphere. 

(22) Thermal regime. The pattern of 
temperature variations found in the ground with time and 
with depth from the surface. 

(23) Wind chill. The excess rate of removal 
of body heat from exposed skin by moving air compared 
to still air at low temperatures. It is often expressed as a 
lower equivalent air temperature that is a function of 
actual air temperature and wind speed. 

d. Terrain terms. 

(1) Frost mound. A localized upwarp of 
land surface caused by frost action with or without 
hydrostatic pressure. 

(2) Icing. A surface ice mass formed by 
freezing of successive sheets of water. 

(3) Muskeg. Poorly drained organic 
terrain consisting of a mat of living vegetation overlying 
an extremely compressible mixture of partially 
decomposed peat, varying in thickness from a few 
inches to many feet. 

(4) Patterned ground. A general term 
describing ground patterns that result from frost action, 
such as polygons, circles and nets, stripes, and 
solifluction features. 

(5) Pingo (hydrolaccolith). A large ice- 
cored frost mound, often 100 feet high or more. 

(6) Thermokarst. The irregular 
topography resulting from the process of differential thaw 
settlement or caving of the ground because of the 
melting of excess ice in thaw-unstable permafrost. 

(7) Tundra. A treeless region of grasses 
and shrubs characteristic of the Arctic. 
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U.S. Army Corps of Engineers 



Note: The earliest date is approximately 10 days before the average for 
most stations. 



Figure 1-2. Mean date of the beginning of the freezing season. 
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U.S. Army Corps of Engineers 



Note: The earliest date is approximately 10 days before the average for 
most stations. 



Figure 1-3. Mean date of the beginning of the thawing season. 
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CHAPTER 2 
ARCTIC AND SUBARCTIC REGIONS 



2-1. Introduction 

a. The Arctic and Subarctic may be defined in 
several different ways, depending on whether they are 
looked at from the point of view of astronomy, botany, 
physics, climatology, ocean navigation or other 
specialized field. For engineering, the Arctic and 
Subarctic are best defined on basis of the prevailing air 
temperature conditions. Definitions b ased on air 
temperatur e are given in [paragraphs 1-4a[ l) and ll-4a(2T1 

I Figure 2-TI shows the limits of the Arctic and Subarctic in 
accordance with these definitions, together with the 
northern limit of trees. 

b. Climatic data for all stations that report to 
the U.S. National Weather Service are available from 
the U.S. Department of Commerce, National Weather 
Records Center, Asheville, North Carolina. In addition, 
climatic data for a large number of sites are given in TM 
5-785/NAVFAC P-89/AFM 8829. For foreign countries, 
attempts should be made to obtain climatic data from 
their respective national climatic centers. Department of 
Defense agencies should request additional climatic 
information through the U.S. Air Force Environmental 
Technical Applications Center (ETAC), Scott Air Force 
Base, Illinois. Included in data obtainable through ETAC 
are weather records for all military airfields. 

c. Climatological, ground temperature and soil 
data have been obtained fro m the 21 loc ations in Alaska 
and Canada that are shown ir l figure 2-"2l 

d. Detailed records for Canadian observation 
stations are available from Atmospheric Environment 
Service, Department of the Environment Canada, 
Toronto. 

e. Some specific features of these regions of 
significance to engineering are outlined in the remainder 
of this chapter. 

2-2. Temperature conditions 

a. As may be seen ir l figures 2-3 l and 1 2-4, | 
temperatures decrease generally from south to north, 
although not strictly according to latitude. On both 
conti nents, the lowe st mean annual temperature is about 
5°F. | Appendix A! presents some general information 
about freezing and thawing index data from the two 
continents. 

b. Air temperature records for some arctic and 
subarctic stations may not be of sufficient duration to 
permit determination of design freezing or thawing 
indexes on the basis of 30 yea rs of record. F or 
pavement design, as explained in I paragraphs 1-4q (6) 
and 14c(7), the extreme values in 10 years of record 
may be used. For foundations of average permanent 



structures, the ratios of design to mean indexes 
determined at the closest stations that do have 30 years 
of record may usually be employed for estimating such 
design indexes at stations that have means based on at 
least 10 years of record. 

2-3. Precipitation snow cover and snow loads 

a. Annual precipitation is mostly very light in 
the Arctic, much of it falling as snow. Considerably 
heavier precipitation falls in certain parts of the Subarctic 
that are under the influence of maritime storm paths. TM 
852-7/AFM 88-19, Chap. 7 presents hydrologic criteria, 
together with general information on icing and special 
design c onsiderations , for arctic and subarctic 
conditions. I Figure 2-5~$ hows mean monthly and annual 
precipitation at selected stations. 

b. Icing on structures, vehicles and aircraft can 
be a serious problem in some parts of the Arctic and 
Subarctic, particularly in coastal areas near open water. 

c. S now cover m ay be a factor in planning 
field activities. I Figures 2^6~^ nd [2^7~ib rovide measures of 
the snow cover season. Over large areas of the Arctic 
and Subarctic the mean depth of snow at the end of the 
month with maximum seasonal snow depth may not 
exceed about 2 to 2'1/ feet. For some areas the value 
may be as little as about 10 inches, and for others it may 
be several feet. Absolute maximum values may exceed 
the mean by about half. 

d. Extreme local variations precluded state- 
wide mapping of ground snow loads for Alaska. Design 
snow loads for specific sites should only be adopted after 
consideration of local conditions. Maximum snow loads 
may vary not only with snow cover depths but also with 
regional and seasonal variations in snow cover density. 
The general variation of maxim um snow l oad on the 
ground in Canada is illustrated in figure 2-8.~| Differences 
in elevation and in topographic position, as well as details 
of the engineering feature itself, can produce substantial 
differences in effective maximum snow loads. 

2-4. Ice cover 

The freezing of lakes, rivers and coastal waters in winter 
can be a major controlling factor in the scheduling and 
effectiveness of field activities in the Arctic and 
Subarctic. Waterways that can be used for boats or 
float-equipped aircraft in the summer become unusable 
for these vehicles when freezeup starts in the period of 
September to November. Several weeks are then 
required before the ice becomes thick enough to support 
other types of vehicles. During the winter, ice surfaces 
can often be extremely valuable as aircraft 
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U.S. Army Corps of Engineers 

Figure 2- 1 . Northern cold regions: polar limits and zones. 



landing areas and as smooth, obstruction-free surfaces 
for tractor-trains and other forms of surface 
transportation. Ice may be between 4 and 8 feet thick 
approximately between 1 April and 1 June and may 
remain capable of carrying loads for as many as 3 weeks 
after the start of surface thaw before becoming unsafe. 
Then there is another period of up to several weeks 
when the water body cannot be used for any form of 
transportation until the ice has melted or broken up and 
disappeared. Ice bearing capacity is affected by 



many variables such as ice thickness, temperature and 
quality; snow cover; type, speed, spacing and number of 
repetitions of moving loads; length of time of stationary 
loading; depth of water; presence of open cracks or 
zones of pressure buckling; and presence of springs, 
seepage inflow and currents. There is an approximate 
boundary between failure and safety for these conditions. 
For example, to ensure safe movement of single 
vehicles crossing freshwater (lake or river) ice at 
temperatures below 32°F, the formula P 
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U.S. Army Corps of Engineers 

Figure 2-2. Locations of observation stations in Alaska and Canada. 
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U.S. Army Corps of Engineers 

Figure 2-3. Distribution of mean annual air temperature <° F) in North America. 
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Figure 2-4. Distribution of mean annual air temperature <° F) in northern Eurasia. 
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Note: Snowfall has been reduced to water equivalent, 10 inches of snow = 
1 inch of water. 



Figure 2-5a. Mean monthly and annual precipitation at selected stations. 
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Figure 2-5b Location of stations. 
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Figure 2-6a. Snow cover of 1 inch or more in Canada - Mean annual date of first snow cover. 
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U.S. Army Corps of Engineers 

Figure 2-6b. Snow cover of 1 inch or more in Canada - Mean annual date of last snow cover. 
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Figure 2-7a. Stable snow cover, USSR - Average dates of formation. 
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Figure 2-7b. Stable snow cover, USSR - Average dates of destruction. 
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U.S. Army Corps of Engineers 

Figure 2-8. General variation in maximum snow load (Ib/ff) on the ground in Canada. 

2-12 



TM 5-852-1/AFR 88-19, Volume 1 



= h /16 can be used as a rough guide (P is in tons and h 
is in inches of solid, clear ice). Table 2-1 is a slight 
refinement over the above formula for short-term 
loading. Solid, clear, freshwater ice has no air bubbles 
that might reduce strength. Ice containing air bubbles 
("snow ice," often formed by the freezing of water soaked 
snow) is not as strong as clear ice. To account 



for the reduced strength of snow ice, 1 inch of snow ice 
is equivalent to only 1k inch of clear ice. If any 
substantial operation involving loading of floating ice is 
contemplated, guidance should be requested from the 
U.S. Army Cold Regions Research and Engineering 
Laboratory in Hanover, New Hampshire. 



Table 2- 1 Approximate short-term or moving load-carrying capacity of solid, clear, fresh water Ice (see text for snow ice). 



Type of vehicle 



Total weight 
(tons) 



Necessary ice thickness (in inches) 
at average ambient temperatures for three days 



32°to20°F 



15°F and lower 



Distance between 
vehicles (ft) 



Tracked 



6 

10 

16 

20 

25 

30 

40 

50 

60 



10 
12 
16 
18 
20 
22 
25 
27 
30 



9 

11 

14 

16 

18 

19 

22 

25 

28 



50 

65 

80 

80 

100 

115 

130 

130 

150 



Wheeled 



2 

4 
6 
8 
10 



7 

9 

12 

13 

15 



7 

8 

11 

12 

14 



50 

50 

65 

105 

115 



NOTE: When the air temperature has been 32°F or higher for a few days, the ice should be considered unsafe for any 
load. 



2-5. 



Wind and wind chill 



In many parts of the Arctic and Subarctic, where 
pressure gradients tend to be weak and temperature 
inversions are common, surface winds may normally be 
fairly low. Where pressure gradients are more marked, 
however, as in areas near seacoasts, and in and near 
mountains, strong winds may be quite common and wind 
speeds can attain hurricane velocities. For example, a 
maximum estimated wind gust in winter of 130 miles per 
hour has been reported for Kotzebue, Alaska. The 
possibility of strong katabatic 



winds that may be concentrated in valley outlets should 
be considered in site selection. If strong winds are 
possible, they may especially affect outdoor activities 
during the colder months. Worker efficiency decreases 
with lowering of air temperatures (about 2 percent per 
degree below 0°F), but wind significantly in creases this 
effect, as shown by the wind-chill chart, I figure 2-9I 
Distribution of January wi nd-chill values in North America 
is shown in I figure 2-10.1 Information on the effects of 
various levels of wind-chi ll upon persons working 
outdoors is given in l table 2-21 
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Figure 2-9. Dry-shade atmospheric cooling (wind-chill values). 
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Figure 2- 1 0. Typical January wind-chill values for North America. 
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Table 2-2. Stages of relative human comfort and the environmental effects of atmospheric cooling. 

Wind-chill factor 



Btu/ffhr 



Kg cal/m hr 



Relative comfort 



220 



370 
440 
520 



600 



1000 
1200 
1400 



590 
700 



850 



1600 
1900 



2300 



Conditions considered as comfortable when people are dressed in 

wool underwear, socks, mitts, ski boots, ski headband and thin 

cotton windbreaker suits, and while skiing over snow at about 3 

mph(metabolic output about 200 kg cal/m 2 hr). 

Pleasant conditions for travel cease on foggy ant overcast days. 

Pleasant conditions for travel cease on clear sunlit (lays. 

Freezing of human flesh begins, depending upon the degree of 

activity, the amount of solar radiation, and the character of the skin 

and circulation. Average maximum limit of cooling during 

November, December and January. At temperatures above ,5° F 

these conditions are accompanied by winds approaching blizzard 

force. 

Travel and life in temporary shelter very disagreeable. 

Conditions reached in the darkness of mid-winter. Exposed areas 

of face freeze in leas than a minute for the average individual. 

Travel dangerous. 

Exposed areas of the face freeze less than 1/2 minute for the 

average individual. 



2-6. Visibility and natural illumination 

Care should be taken in siting projects to take into 
account the possibility of local adverse weather 
conditions. Visibility problems may arise, for example, 
from local fogs that form over nearby bodies of water. 
Ice fog and blowing snow can cause severe reductions in 
visibility in the winter months, compounded by the 
shortage of natural illumination at that time. A "white- 
out," a condition where there is a lack of contrast 
between the sky and the snow surface, can hinder 
visibility considerably. Long hours of daylight and twilight 
provide maximum illumination for field activities during 
spring and summer, but in fall and winter the sun is very 
low or below the horizon. I Figure 2-"TH shows that at the 
North Pole the number of days in the year with 
continuous daylight is double the number with continuous 
darkness. Thus, the annual light conditions in these 
regions are not as poor as they are sometimes pictured 
to be. The consistently low elevation of the sun above 
the horizon when it is shining reduces its energy 
effectiveness but does help in judging surface conditions 
from the air because of the shadows cast by knolls, 
ridges and vegetation. During dark periods, the light of 
the full moon may be of help for some activities. The 
number of hours of daylight or o f daylig ht plus twilight 
can be estimated fron ji figure 2-12| or [2-13.| 

2-7. Vegetation 

The three major types of vegetative cover in arctic and 
subarctic areas are tundra, muskeg and forest. Each of 
these represents a natural selection of species and the 
adaptation of vegetation to environmental factors such 
as soil and air temperatures, soil type,, drainage, depth 
of active layer over permafrost, etc. Vegetation can be 
of particular value in arctic and subarctic areas as an aid, 
in conjunction with other information 
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©MONTHS 
COMPUTE DARKNESS 

(l) DARK NIGHT WITH ASTRONOMICAL TWILIGHT AT MIDDAY. 

(T) DARK NIGHT WITH CIVIL TWILIGHT AT MIDDAY. 

(t) TWILIGHT DAY AND NIGHT 

® LIGHT NIGHT RESULTING FROM CIVIL TWILIGHT, WITH 
ALTERNATING DAY AND NIGHT 

(T) LIGHT NIGHT RESULTING FROM ASTRONOMICAL TWILIGHT WITH 
^"^ ALTERNATING OAY AND NIGHT 

(T) CONTINUOUS DAYLIGHT 

(J) NORMAL ALTERNATING DAY AND NIGHT. 

ON THIS CHART IT IS ASSUMED THAT CIVIL TWILIGHT LASTS 
UNTIL SUN SINKS 7- BELOW HORIZON AND THAT ASTRONOM 
ICAL TWILIGHT LASTS UNTIL SUN SINKS 16* BELOW HORIZON 

Figure 2-11. Solar illumination in the Arctic. 
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Reproduced from the Geographical Review , Vol. 33, 1943, by courtesy of 
the American Geographical Society. 



Figure 2- 12. Hours of sunlight 
2-17 



TM 5-852-1/AFR 88-19, Volume 1 



NORTHERN 
HEMISPHERE 






tO DARK 
0^„ '? " •■ 




DIRECTIONS 

1. Find the point where the latitude you want 
crosses any given date. 

2. From this point lay a straight-edge across 
the small "x" represntlng the North Pole. 

3. Where the straight-edge crosses the semi- 
circular scale at the top, you will find the 
number of hours of twilight and sunlight. 
Example: On 15 February at 69° latitude, 
twilight and sunlight total 14 hours, 10 
minutes. 

Twilight is taken as the time when the sun is 
less than 18° below the sky line. 



Reproduced from the Geographical Review , Vol. 33, 1943, by courtesy of 
the American Geographical Society. 



Figure 2-13. Hours from dawn to dark - twilight and sunlight. 
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in interpretation of subsurface conditions. Because 
relationships between vegetation and subsurface 
conditions determined in one geographical area do not 
necessarily apply in an environmentally different area, a 
specific correlation should be established, verified, or 
known in any substantially different geographical area in 
which such information may be used. 

2-8. Special surficial features and markings 

Characteristic features and markings are produced on 
the ground in northern regions by permafrost 
degradation, frost action, mass wasting (i.e. creep, frost 
creep and frost sloughing) and other natural phenomena. 
These features include solifluction markings, pingos, 
thermokarst depressions and patterned ground. They 
can serve as important indicators of ground conditions, 
including the likelihood of the presence of permafrost 
and ground ice. 

2-9. Seismic activity 

Construction in the Arctic and Subarctic should be de- 



signed for seismic forces where required by the 
probability, in severity, frequency and potential damage, 
of seismic ground shaking or tsunamis (seismic sea 
waves). This is in addition to design for dead, live, snow 
and wind structural loads. Though risk from earthquake- 
generated forces is not very high over much of the Arctic 
and Subarctic, risk of major or great damage exists in 
certain areas, such as in Alaska, south of about 
Fairbanks. TM 5-809-1 0/NAV FAC P-355/AFM 88-3, 
Chap. 13 provides criteria and guidance for seismic 
design. 

2-10. Graphic summaries 

a. To aid in understanding the environmental 
conditions at specific locations and their variations 
through the seasons, graphic su mmaries suc h as the 
one for Barrow, Alaska, shown in l figure 2-141 (fold-out 
located in back of manual), are useful. 

b. Seismic probability, snow load and other 
design data may also be summarized on a regional basis 
to provide engineers with values to be adopted in design 
work. 
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CHAPTER 3 
ENVIRONMENTAL IMPACT CONSIDERATIONS 



3-1. National environmental policy 

The National Environmental Policy Act of 1969 (NEPA) 
sets forth the policy of the Federal Government, in 
cooperation with State and local governments and other 
concerned public and private organizations, to protect 
and enhance environmental quality. All Federal 
agencies, in response to NEPA, must be concerned not 
only with the technical and economic aspects of their 
activities but also with the impact on the environment 
(CFR40, 1500-1508). 

3-2. U.S. Army environmental quality program 

AR 200-1 outlines the Army's fundamental 
environmental policies, management of its program, and 
its various types of activities. The overall goal is to 
"plan, initiate, and carry out all actions and programs in 
a manner that will minimize or avoid adverse effects on 
the quality of the human environment without 
impairment of the Army mission." 

3-3. U.S. Air Force environmental quality program 

AFR 19-1 enunciates Air Force policy in compliance 
with the above-stated NEPA, executive orders and 



Department of Defense directives. Procedures outlined 
are similar to those described for Army installations. 
AFR 19-2 establishes policies, assigns responsibilities 
and provides guidance for preparation of environmental 
assessments and statements for Air Force facilities. 



3-4. 



Environmental effects 



Arctic and subarctic military facilities could have either 
beneficial or adverse environmental impacts, affecting 
the air, the water, the land, the local ecology and the 
socio-economic environment. Despite low population 
density and minimal development, the fragile nature of 
the ecology of the Arctic and Subarctic has attracted the 
attention of environmental groups interested in 
protecting these unique assets. For Army projects, 
guidance in preparing required Environmental Impact 
Assessments (EIA) and Environmental Impact 
Statements (EIS) can be requested from the U.S. Army 
Construction Engineering Research Laboratory in 
Champaign, Illinois. Air Force installations can obtain 
guidance in preparing the required EIA or EIS, or both, 
from the Major Command Environmental Coordinator or 
from HQ USAF/LEEV, Washington, D. C. 
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CHAPTER 4 
DEEP SEASONAL FROST AND PERMAFROST 



4-1. Distribution 

a. Areas of deep seasonal frost penetration 
may be defined arbitrarily for engineering as seasonal 
frost areas with design air freezing indexes of 1500 
Fahrenheit degree-days or more. An air freezing index 
of 1500 Fahrenheit degree-days corresponds to a depth 
of seasonal frost penetration of about 7 feet into very well 
drained clean gravel under a bituminous surface kept 
clear of snow and ice. The actual frost penetration at a 
given point will depend on soil and surface conditions, 
and other factors as discussed in l chapter "51 If the soil is 
saturated silt, the frost penetration may be about half of 
that in a very well drained clean gravel for otherwise 
identical conditions. Design freezing indexes of 1500 
Fahrenheit degree-days exist well south of the Subarctic 
in the northern temperate zone. However, there are also 
lower values in a few locations within the Subarctic, such 
as in northern Iceland. As the freezing index increases 
with increasing latitude, or increasingly cold geographic 
location or topographic position, the depth of seasonal 
freezing increases; it may reach as much as about 20 
feet in very well drained clean gravel under a bituminous 
surface kept clear of snow and ice, without development 
of permafrost. When a point is reached, however, where 
the depth of winter freezing exceeds the depth of 
summer thaw, permafrost results if frozen ground 
persists over at least two consecutive winters and the 
intervening summer. As one travels northward, 
permafrost, which in the more southerly part of the 
permafrost zone is discontinuous, becomes gradually 
continuous, except under some large water bodies that 
are deep enough to prevent freezing temperatures from 
reaching the bottom, and the depth of summer thaw 
becomes progressively smaller. In areas of continuous 
permafrost, lateral heat flow may cause permafrost to 
extend partly or entirely under bodies of water, even 
though there is a layer of unfrozen soil immediately 
below the water. Along the seacoast, permafrost may 
extend for a substantial distance offshore, either as relic 
permafrost or as permafrost formed as a result of 
seawater temperatures below 320F. 



b. I Figures J^Tl and ll^l show the approximate 



extent of permafrost areas in North America and Eurasia 
respectively. Islands of permafrost are also found in 
mountains south of the Subarctic. 



4-2. Characteristics of permafrost 

The following summary of the characteristics of 
permafrost should be considered merely introductory. 

a. Structure. Depending on local conditions, 
permafrost may exist as (se e figure 4-31 : 

-A continuous layer with its upper surface at the 
bottom of the annual frost zone (active layer). This is 
common in arctic regions. 

-A continuous layer with its upper surface 
separated from the annual frost zone (active layer) by a 
residual thaw layer. If the permafrost table is lowering 
progressively, this is a degrading condition. 

-Frozen layers separated by layers of unfrozen 
material. 

-Inclusions of remnants of permafrost in 
unfrozen ground. 

b. Depth to surface. The depth to the 
permafrost table is dependent primarily on the magnitude 
of the air thawing index, the amount of solar radiation 
that reaches the surface, the surface cover conditions 
that have existed for the previous several years, a nd the 
wate r content and dry unit weight of the soil. See ltablel 

14-1 1 for typical depths to the permafrost layer. For 
comparison, in a subarctic area without permafrost, a 
well-graded sandy gravel that is relatively dry (w = 5%) 
and seasonally frozen would have an annual thaw 
penetration of about 16 feet. Methods for estimating 
depths of freeze and tha w penetra tion are discussed in 
TM 5-852-4/AFM 88-19, Chap. 4| and TM 5-852-6/AFR 
88-19, Volume 6. 

c. Factors affecting existence and distribution. 
Under natural, undisturbed ground cover conditions, the 
mean annual air temperature must usually be 21 ° to 30 °F 
for permafrost to exist, although exceptions are possible 
on either side of this range. If temperatures at the 
ground surface could be used, more precise correlation 
could be obtained. However, surface temperatures have 
not been generally available in the past from 
meteorological records. The existence of ground 
temperatures perennially below freezing is a function of 
m any factors other than air temperatures, as discussed 
in I chapter 51 including solar radiation, surface cover, 
snow cover, wind, soil type, soil moisture content, 
groundwater flow and presence of stationary or moving 
surface water. Forest fires or meandering of streams 
may cause alterations of permafrost conditions extending 
over many years. 
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NOTE 



Patches and islands of permafrost may be found in areas south of cross hatched rone, particularly In elevated mountain locations . 

U.S. Army Corps of Engineers 

Figure 4-1. Approximate distribution of permafrost in North America. 
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Figure 4-2. Approximate distribution of permafrost in Eurasia. 
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(5) INCLUSIONS OR REMNANTS PERMAFROST IN UNFROZEN GROUNO 
U.S. Army Corps of Engineers 



Figure 4-3. Typical sections through ground containing permafrost. 
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Table 4-1. Depths to the permafrost layer at the end of the thawing period of two typical locations. 

Depth to surface of permafrost layer (ft) 



Surface and subsurface conditions 



Arctic: 
mean annual temp. 

10to12°F, 

mean thawing index 

500-600 degree-days (°F) 



Subarctic: 
mean annual temp. 

26cF, 

mean thawing index 

3200 degree-days (°F) 



Treeless area with 6-inch-thick moss 
cover over silt soil (w = 30-40%) a 
Asphalt pavement over 8 feet of sandy 
gravel base (w = 4%) and silt subgrade 
(w = 30-40%) 



1.5 to 2.0 



7.0 to 8.0 



5.0 to 6.0 



12.0° 



a w = water content in percent of dry w-eight of soil. 
b Six years after construction, a degrading condition. 

d. Thickness. The thickness of the permafrost 
layer generally increases with increasing latitude, being 
greater in arctic than in subarctic regions. The greatest 
depths of permafrost occur in the nonglaciated areas of 
the continuous zone. In Siberia, a record depth of 4900 
feet to the permafrost base has been reported. It has 
been estimated that the maximum thickness of 
permafrost in arctic Canada may exceed 3000 feet, and 
in arctic Alaska it may be over 2000 feet. The greatest 
depth so far measured in Canada is about 1700 feet at 
Winter Harbour, Melville Island. A depth of 1600 feet 
has been estimated at Thule, Greenland. Other 
observed depths are about 1300 feet south of Barrow, 
Alaska, and at Resolute, Northwest Territories; about 
920 feet at Umiat, Alaska; and about 170 feet at 
Northway, Alaska. 



e. Soilfactors. As a rule, the 

characteristics of permafrost will depend upon the 
texture, water content and temperature of the soil. 
Relatively clean sands and gravels located in well- 
drained positions may not present serious engineering 
construction problems if they do not contain appreciable 
amounts of excess ice. Conversely, permafrost 
consisting of fine-textured soils such as silt often 
contains large formations of ice in lenses, layers, 
wedges, veins or other shapes. TM -852-4/AFM 88-19, 
l/hap. 4| presents information on the strength and other 
properties of frozen soils. MIL-STD-619B presents a 
standard system for classification of frozen soils. 
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CHAPTER 5 
FACILITIES ENGINEERING IN AREAS OF DEEP SEASONAL FROST AND PERMAFROST 



5-1. 



General 



a. In the Arctic and Subarctic, engineering 
features such as pavements, foundations of structures, 
walls, utilities and pipelines, underground facilities, 
excavations and embankments, and drainage facilities 
must be designed and constructed with proper 
consideration for the special c onditions prev ailing in 
those areas, as described in | chapters 2 1 and [T] 
Guidance and criteria for the design and construction of 
facilities in the Arctic and Subarctic are given in the 
remainder of the manuals in the Arctic and Subarctic 
Construction series, TM 5-852-2 thro ugh 7, an d 9/AFR 
88-19, Volume 2, 5 and 6/AFM 88-19,[Chap~3[4]7 and 
9. 

b. One of the most important things in any civil 
engineering work in the Arctic and Subarctic is the effect 
of surface conditions upon the thermal regime in the 
ground. Transfer of heat at the air-ground interface is 
dependent on such time-varying factors as the thermal 
properties of the soil, the albedo (reflectivity) and 
insulating properties of the ground cover at the 



surface, the amount of solar radiation reaching the 
surface, the wind structure and velocity above the 
surface and the surface roughness, the air temperature 
and humidity as a function of height above the surface, 
precipitation, snow cover, and evapotranspiration from 
vegetation. Geothermal heat flow toward the surface 
from below is also a factor. These factors are further 
discussed in TM 5-852-6/AFR 88-19, Volume 6. 
Stripping away, compressing, or otherwise changing the 
existing vegetative ground cover and erecting structures 
or constructing pavements, pipelines or other features 
will alter the thermal balance in the ground. The depth of 
annual freeze and thaw will change, and in permafrost 
areas the depth to the permafrost table will be altered. 
Permafrost degradation or aggradation may occur. 
I Figure 5jT] shows permafrost degradation measured 
under different surface conditions over a 26-year period 
at Fairbanks, Alaska. Permafrost remained stable under 
the undisturbed, tree-covered area throughout the 
period. 
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and grass 



Cleared Area 
(200ft 2 ) 

Trees and brush 
removed 



Stripped Area 
(200 ft 2 ) 

Trees, brush and 

surface vegetation 

removed 




Mean annual air temp. 26 F 



£ 12 

a. 

a> 

a 



16 
20 
24 



Original Permaf rost(PF) Surface _ 



Silt 



> \ 

i \ 

\ 

v 

i\ 

i 

K 

\ 

\ 



HO ft 
3.6 



"«■•. — _-.____—«.— —._— v__ ______ — -. . _— _ _ _ _ — _. 



% v_J^_qf]!r..?_y_ r A |8 9 



\ 



— Mean annual permafrost temper- 
ature ranges from about 31.1°F 
at a depth of 33 ft under natural, 
forested areas to about 31.6°F 
where permafrost is degrading. 

'Wax. depth of seasonal frost 



\ * v __PF_af_teMO_y_rs_ 



-, ^ PFjafterjs _y_rs_ 



v__ pF aft ?r_ 26 y rs - 



5<r 



12.5 
15.4 

22.0 



U.S. Army Corps of Engineers 

Figure 5-1. Permafrost degradation under different surface treatments over a 26-year period at Fairbanks, Alaska. 
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c. Surface index-air index ratios or n-factors 
provide measures of the effects of different surface 
conditions. A ta ble of such values is given in TM 5852- 
4/AFM 88-19, ( Phap. 4| Calculation methods for 
prediction of depths of freeze and thaw in soils are 
presented in TM 5-852-6/AFR 88-19, Volume 6. 

d. Changes in the thermal regime may in turn 
affect the frost heave, seasonal thaw-settlement, or 
thaw-weakening behavior of the supporting soils. In 
permafrost areas, degradation will produce progressive 
settlement if thaw-unstable soils containing excess ice 
are present. Such potential effects should be anticipated 
and taken into account during design. 
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-Pavement pumping. 

-Pavement cracking. 

-Deterioration of pavement surfacing. 

-Progressive increase of pavement roughness. 

-Loss of compaction. 

-Restriction of subsurface drainage by frozen 
ground. 

-Wintertime surface drainage problems. 

-Snow removal and icing problems. 

-Degradation settlement from thawing of 
permafrost, commonly differential. 

-Adverse surface drainage effects from permafrost 
degradation. 



5-2. Site selection and development 

a. All design for construction in arctic and 
subarctic regions must be preceded by thorough site or 
route investigations to obtain any existing information on 
the proposed location plus new field data on surface and 
subsurface features, drainage, permafrost and other 
conditions as needed. En vironmental impact must be 
considered as discussed in | chapter~3l The importance 
of thorough site investigations before construction cannot 
be overemphasized. Sites with non-frost-susceptible 
foundations are much easier to develop than those 
having frost-susceptible materials. 

b. Site selection and development in the Arctic 
and Subarctic may often be much more complex than in 
the temperate regions because of the relative lack of 
existing information, the large areas and distances 
sometimes involved, the limited support facilities, and the 
seasonal and environmental constraints on field 
activities. Over large areas of the Arctic and Subarctic, 
specific terrain or local climatic information may be 
limited or nonexistent. Heavy reliance on air 
reconnaissance and air-photo studies may be required. 
Access to proposed site or route locations may be 
difficult and expensive, may require careful seasonal 
scheduling, and may involve severe restraints on sizes 
and weights of survey equipment that can be brought in. 
Field working conditions may sometimes be difficult. 
Safety aspects of field activities may be significant 
considerations. Costs of site selection and development 
studies may be high but cost should not be allowed to 
serve as justification for inadequate investigations. 
Procedures for site selection and development studies 
are presented in TM 5-8522/AFR 88-19, Volume 2. 

5-3. Airfield pavements and roads 

The following detrimental effects, which may occur in 
airfield pavements and roads in the Arctic and Subarctic, 
should be considered in design: 

-Seasonal frost heave and settlement, commonly 
differential. 

-Reduction of bearing capacity during and after 
thaw. 



All but the last two effects may also be observed in 
temperate zone frost areas, but in the Arctic and 
Subarctic freezing is more intense and more prolonged. 
The thawing and thaw-weakening periods are also longer 
and in permafrost areas last until freezing starts again 
after the summer. The most difficult conditions are in the 
area near the boundary between permafrost and 
unfrozen soils where depth of seasonal freezing is 
maximum and permafrost, where present, is the least 
thermally stable. The detrimental effects of seasonal 
frost action o n pavement s are discussed in TM 5-818- 



2/AFM 88-6, |Chap. 4| In permafrost regions, the 
change of surface conditions caused by construction 
may begin permafrost degradation, particularly in the 
discontinuous permafrost zone. This degradation will 
result in settlement. If the permafrost contains excess 
ice, the settlement will invariably be differential. Criteria 
and guidance for runwav and road design in arctic and 
subarctic areas are presented in TM 5-852-/AFM 8S19, 
I Chap. 3] 

5-4. Foundations for structures 

a. The following principles must be considered 
for foundation design in areas of permafrost: 



Foundation supporting 

conditions not adversely 

affected by thaw 



Foundation supporting 

conditions adversely 

affected by thaw 



Use normal temperate 
zone approach 



Consider following options 

1. Maintenance of 
existing thermal 
regime. 

2. Acceptance of the 
changes in the 
thermal regime to be 
caused by the 
construction and 
facility, and allowance 
for these in design. 

3. Modification of 
foundation conditions 
prior to construction. 
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These alternatives are discussed in TM 5-852-4/AFM 88- 
19. IChap. 41 

b. For areas of deep frost penetration without 
permafrost, design options for stable foundations for 
subsurface conditions adversely affected by freeze and 
thaw are similar to those in seasonal frost areas of the 
temperate zone, namely: 

-Support foundation below the annual frost zone, 
with protection as needed against uplift acting in 
tangential adfreeze shear and against frost overturning 
or sliding produced by frost thrust. 

-Support structure on a compacted non-frost 
susceptible fill capable of adequately limiting freeze and 
thaw effects. 

-Employ thermal insulation, foundation loading, 
foundation soil replacement, heat or combinations of 
these. 

c. Detailed criteria and guidance for design of 
foundations for structures, including basic considera- 
tions, site investigations for foundations, construction 
considerations and monitoring of performa nce, are 
presented in TM 5-852-4/AFM 88-19, Chap. 41 

5-5. Utilities 

Utilities include water supply, sewerage, fire protection, 
central heating, fuel, electrical and communication 
systems. Many elements of these systems, such as 
electric generators and water treatment mechanical 
equipment, are standard items that require no mod- 
ification for use in the Arctic and Subarctic. However, 
other items may require special approaches. For 
example, water distribution pipes in the Arctic are 
commonly placed in insulated above-ground utilitdors or, 
if the soil conditions permit laying pipes directly in the 
ground, the water is heated before it enters the system 
and it may be continuously recirculated. Con-sideration 
should be given, whenever possible, to use of heat 
recovery systems to conserve energy. Utility poles must 
be protected against being pushed out of the ground by 
frost heave when they are placed in frost-susceptible 
soil. This can be done by anchoring them firmly in 
permafrost or by supporting them above ground in rock- 
filled cribs. Fuel storage tanks supported over thaw- 
unstable permafrost require ventilated foundations to 
prevent thaw-settlement if they will contain fuel at above- 
freezing temperatures. Sewage treatment facilities must 
be designed to be safe from frost heave or thaw- 
settlement damage to pipes, tanks and other structural 
elements; possible adverse effects of low temperatures 
on treatment processes must also be taken carefully into 
account. Insulation on wires and electrical equipment 
exposed to outdoor temperatures, which may drop to 
close to -70°F, must not become brittle and crack under 
such conditions. Criteria and guidance for utilities in the 
Arctic and Subarctic are presented in TM 5-852-5/AFR 



88-19, Volume 5. Connections of utili ties to bu ildings are 
discussed in TM 5-852-4/AFM 88-19, Chap. 41 

5-6. Drainage and groundwater 

a. Although annual precipitation intensity rates 
are relatively light in much of the Arctic and Subarctic, 
except in regions near coasts, the frozen condition of the 
ground during much of year makes it necessary to 
assume that the rate of infiltration in the Arctic, for 
surface drainage design, is zero. A frequent cause of 
damaging floods in these regions is the temporary 
damming of rivers by ice jams: however, floods caused 
by heavy precipitation are not unknown, the Fairbanks, 
Alaska, flood of 1967 being an example. 

b. Egress of groundwater may result in icing, 
which is undesirable near buildings or other structures. 
Icing caused by groundwater may be a serious problem 
when it interferes with road travel or drainage. Ground 
icing effects can ordinarily be circumvented by inducing 
the icing at a place where it will do no harm. Drainage 
structures like culverts should be constructed so that 
they can be readily opened or kept open by steam 
thawing or other methods. 

c. The flow of water, both surface and 
subsurface, is an important source of heat in permafrost 
thawing, particularly when the flow is concentrated in 
channels. In subarctic regions such channels, once 
formed, may continue to thaw and deepen year after 
year. In finegrained soils containing excess ice, 
progressive differential settlement may result. Thaw of 
ice and frozen fine-grained soil in fractures and fissures 
of bedrock may cause open joints or cavities (sink 
holes). The possibility of subsurface groundwater during 
construction should be considered in project planning. 
Concentrated drainage flow or discharge near structures 
that are built over fine-grained foundation soils should be 
eliminated or diverted. Lake levels must not be allowed 
to rise if they might induce detrimental subsurface flow of 
warm surface water. It may be possible to exert some 
control over the directions of summer drainage flow in 
the active layer by modifying surface conditions so as to 
selectively control depth of thaw. Even the most minor 
leaks from water, sewer or steam pipes can seriously 
degrade permafrost and must be prevented. Drainage 
ditches cut into ice-rich permafrost should be avoided. 
Subsurface drains are usually not practical in the Arctic 
and Subarctic. When wells drilled through permafrost 
encounter water under artesian pressure, great care is 
necessary to avoid loss of control of the well by thawing 
and piping in thaw-unstable soil around the casing. 

d. TM 5-852-7/AFM 88-19, Chap. 7 provides 
criteria and guidance for surface drainage design and for 
control of icing in arctic and subarctic regions. 
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Criteria and guidance for drainage ar ound stru ctures are 
presented in TM 5-852-4/AFM 88-19, Chap. 4| 

5-7. Building design practices 

a. Buildings generally should be designed and 
constructed in accordance with standard practice for 
arctic and subarctic regions. Special attention should be 
given to foundations, exposure and adaptation to the 
environmental conditions. Factors affecting the morale 
of the occupants are also important considerations in 
isolated arctic locations, and thus habitability criteria 
(e.g., security, comfort, privacy, aesthetics, socialization, 
mobility, etc.) should be carefully considered during the 
design of physical facilities. Structure design should be 
closely linked with foundation design concepts in order 
that these two will be compatible with one another in 
interface, cost and other aspects. 

b. In a cold regions environment, building type 
and materials should be selected for ease and speed of 
erection and resistance to fire, high winds and low 
temperatures. Building geometry and layout, the effects 
of low temperatures on the structural properties of 
materials, and problems of vapor condensation, energy 
conservation, snow infiltration, and snow and ice 
accumulation and removal should be examined. 

c. Prefabricated panels or complete buildings 
designed for the Arctic are excellent for use at remote 
arctic sites. Lightweight materials are important in 
regions where native supplies are scarce and 
transportation is difficult. High-early-strength cement is 
good for cold-weather concreting, but precast concrete is 
better than cast-in-place construction. The buildings 
should be located on well-drained sites where 
practicable. The sites should be where snow drifting will 
be low. The layout of utilities should be considered. 
Wind and snow load design assumptions should be 
based on long-term weather records wherever possible. 

d. Precautions should be taken to minimize 
probable icing resulting from the freezing of water from 
snow melting on roofs and nearby drifts. This is 
especially true at eaves, in front of doors, and around fire 
hydrants and other critical service and utility areas. 
Ducts from the building's heating system may be 
installed in the eaves to prevent the dangerous growth of 
large icicles. Drifting of snow, possible damage from 
snow slides, avalanches, high winds, ice jams and high 
water will in some instances require consideration in the 
placement and orientation of buildings and in location of 
services. Latrines and washrooms should be located at 
the lee end of living quarters. Where wind directions are 
consistent, the orientation of buildings with the direction 
of the strongest winds may reduce stresses on wind- 
bracing elements of the structures. 

e. Metal, conventional built-up and protected 
membrane roofs have been found satisfactory if properly 
constructed. Precautions that must be taken 



are outlined in TM 5-852-9/AFM 88-19, Chap. 9. Since 
removal of ice and snow during cold weather is often 
necessary, the insulation and roof covering should be 
able to withstand such treatment. Personnel doors 
should open inward so that they can't be blocked by 
drifted snow or damaged by high winds. Vestibules or 
storm entrances should be used if needed. If doors must 
open outward because of fire regulations, an apron 
should be provided that is resistant to the effects of 
freeze-thaw cycles. The wide temperature range, 
causing large thermal expansions and contractions, 
should be considered in spacing of expansion joints. 

f. Adequate facilities for drying wet or damp 
clothing must be provided near sleeping quarters. When 
practical, the warm air used for drying should be expelled 
from the building by an exhaust fan. Since it is not 
advisable to bring metal equipment into warm buildings 
for overnight storage, a special place, protected from the 
weather, for storing such equipment should be provided. 
The psychological effect of window size and spacing 
(and, where the interior is to be painted, of the various 
colors used) should be given consideration to help 
overcome the feeling of confinement and isolation that 
sometimes affects personnel who work in bleak, isolated 
regions of the far north. Fire protection, prevention and 
fire-fighting measures should be very carefully 
considered in regard to all buildings and installations. 
The consequences of a serious fire in the cold regions 
are in general much more serious than in temperate 
zones. 

g. Where the use of a building results in an 
atmosphere of relatively high humidity within the building, 
such as in power and water-treatment plants, special 
care should be exercised in the design to reduce to a 
practical minimum the condensate that may form on cold 
walls, windows and ceilings within the buildings. 
Provisions should be made to avoid water dripping onto 
personnel and critical equipment within the structure. No 
condensate should be allowed to drip on the floors within 
the structures, particularly in front of doors that open to 
the outside. Vapor barriers that are properly designed 
and installed should be provided. 

h. During winter in the far north it may be 
necessary to humidify the air of living quarters. This 
arises from the low humidity of the air in such regions of 
very low precipitation as well as the usual low relative 
humidity associated with heated structures. Whether 
building interiors are humidified or not, the .water vapor 
pressure differentials between interior and exterior 
spaces in the winter are normally very large in the cold 
regions. The resulting very steep pressure gradients 
indicate the great importance of properly designed and 
installed vapor barriers. 

/'. For most structures simple designs are 
best. Continuity in design is not usually worthwhile for 
weight and cost reduction, and the effects of differential 
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movements are so serious that the "rigid" type structure 
should not be used unless conditions are such that 
differential movements cannot occur. Multistoried 
concrete frame buildings and other buildings with 
considerable structural rigidity should be separated into 
independent units, by expansion joints and double 
columns, at locations where differential movement can 
be anticipated, such as at connections of wings to the 
central section of a building and at intervals along a long 
rectangular building. Control joints should be employed 
to prevent or minimize unsightly cracking of exterior 
facing. The principle of resisting differential movements 
by extreme rigidity is not recommended because the 
costs are high, the forces cannot be estimated very 
closely and failure is common. 

j. Specialized building design criteria and 

guidance are given in TM 6-852-9/AFM 88-19, Chap. 9, 

and design criteria and guidance pertinent to foundations 

for buildin gs are presented in TM 5-852-4/AFM 88-19, 

I Chap. 4] 

5-8. Construction management and practices 

a. General. Construction management and 
procedures in arctic and subarctic regions differ from 
those in temperate regions because of deep seasonal 
frost, permafrost and climate. The environment and 
short construction season critically affect field operation 
schedules. Remote, isolated construction sites served 
by long and difficult supply lines mean that mistakes in 
planning are time-consuming and costly. A highly 
competent management team, possibly having 
decentralized authority with centralized support, must 
carefully plan and organize field activities, and conduct 
an intensive field inspection effort. Designs and cost 
estimates are strongly influenced by the construction 
procedures and schedules that are feasible in the arctic 
and subarctic regions. 

b. Methods of transportation. 

(1) Air transport is one of the principal 
modes of transport to arctic and subarctic field sites. If a 
landing strip does not exist near the site, helicopters or 
float-, ski or wheel-equipped small planes may be used 
in initial project stages, depending upon the available 
surface conditions. In winter, fairly heavy wheel- 
equipped planes can use ice landing surfaces. With 
construction of a serviceable conventional runway, heavy 
planes can operate more permanently. 

(2) Where a suitable road or waterway is 
present, or where an access road, even of an expedient 
nature, can be constructed, construction materials and 
equipment can be brought to the construction site by this 
route. However, rivers and the arctic coastal waters 
have only limited ice-free periods during which they can 
be used for water transport. Sometimes a north-flowing 
river may be open for upstream navigation before its 
mouth becomes sufficiently ice-free in the breakup 
period to permit entrance from the sea. 



Low ground-pressure tractor trains may be used to 
transport men, materials and equipment over frozen, 
snow-covered terrain in winter. Frozen lakes and rivers 
are frequently used very effectively for such 
transportation. Ice bridges can be used for crossing 
rivers and lakes by wheeled, tracked or sled equipment. 
Materials can often be stockpiled at convenient locations 
during the summer for surface transport to the site in the 
winter. For protection of the terrain, operations on the 
natural tundra surface in summer are generally 
prohibited in Alaska. Vehicles with rubber tires of very 
low ground pressure (1 to 2 pounds per square inch) are 
an exception. In some areas, such as natural preserves, 
various other restrictions or permit requirements may 
apply. Other countries also have land-entry and land-use 
regulations for northern regions. 

c. Construction equipment. Heavy equipment 
is essential in arctic and subarctic construction. The 
severity of construction and climatic conditions usually 
makes the use of tractors weighing at least 30,000 
pounds, of 10-cubic-yard dump trucks, of 2-cubic-yard or 
larger shovels, of heavy ripping equipment, etc., very 
important. All motorized equipment should be 
winterized, including insulated cabs and facilities, fire 
retardant engine shrouds, and heaters to protect 
personnel from severe cold, wind and snow. Removable 
cleats on tracked vehicles (i.e., grousers) or other special 
traction devices and winches are frequently necessary. 
Preventive maintenance plays a key role in equipment 
operation, and a strict lubrication schedule should be 
maintained on all pieces of equipment. Cold weather 
pre-operation, starting, warm-up and operating 
procedures should be adhered to by equipment 
operators. "Cold-soaked" hydraulic systems not being 
used are especially vulnerable to failure upon start-up at 
about 30°F or lower. Tires in extremely low 
temperatures become brittle and are easily punctured. 
Brittle fracture of metal parts at temperatures around 
40°F or lower is a potential problem, and all equipment 
should be inspected regularly to locate cracks and 
breaks. All cracks should be repaired when first 
observed by pre-heating before welding, and broken 
parts should be replaced. Statistics on one U.S. Army 
Corps of Engineers project in Alaska showed that the 
availability of equipment was reduced 2 percent for every 
degree lower than 20 °F. 

d. Cold and the worker. The efficiency of 
labor on construction projects in the Arctic and Subarctic 
varies with the experience, attitude and morale of the 
workmen as well as working conditions on the job. Cold 
and darkness during the winter months combine to 
create safety and operational problems that directly limit 
productivity. The degree of acclimation of the worker 
and how adaptable the worker is to cold are very 
important in all classes of labor and they directly affect 
output. For example, Alaskan contractors re 
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port that at -20 °F, labor productivity was about 25 
percent of that obtained in the summer. The efficiency of 
surveyors, mechanics and other outside personnel was 
reduced to near zero at 35 °F or lower. Such 
temperatures had little effect on equipment operators 
housed in heated cabs. 

5-9. Construction operations 

All aspects of construction, such as excavation of frozen 
soil or frozen rock, placement of embankments and 
backfill, placement of concrete, and protection of the 
work, are affected by the special conditions that prevail in 
the Arctic and Subarctic. Among the factors that may 
give special difficulty and may require careful 
consideration are the following: 

-Difficulty of excavating frozen materials. 

-Difficulty of handling wet, thawed material in 
summer. 
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-Adherence of ice-filled frozen materials to 
equipment at low temperatures. 

-Direct effects of low temperatures upon 
equipment, including brittle fracture of metal. 

-Shortness of the above-freezing summer 
season. 

-Shortness of daylight hours in fall and winter. 

-Difficulty of achieving satisfactory fills and 
backfills when temperatures are below freezing. 

-Problem of placing concrete and achieving 
adequate strength gain without thaw of underlying 
permafrost. 

-Problem of protection of work from cold, heat, 
drying, dust, wind and precipitation. 

-Enclosure of work to maintain worker efficiency. 

-Fire safety and fire protection. 

Detailed discussion of these and other factors pertaining 
to construction operations in the Arc tic and S ubarctic is 
presented in TM 5-852-4/AFM 88-19. IChap. 41 
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APPENDIX A 
GENERAL AIR INDEX INFORMATION FOR NORTH AMERICA AND EURASIA 

A-1. The freezing and thawing index data presented here are for general information only and are not sufficiently 
precise in local detail for use in selecting values to be employed in design at a particular site. Such values should be 
computed directly from meteorological records of weather observation stations nearest to the proposed site. 

A-2. | Figure A-Tl) hows the mean air freezing indexes for North America and northern Eurasia, and |figure A-2~$ hows the 
mean air thawing indexes. The largest mean air freezing indexes in Siberia, about 12,500 Fahrenheit degree-days, are of 
the same magnitudes as the largest in North America, about 13,000 Fahrenheit degree-days. On the other hand, air 
thawing indexes in much of the same coldest areas of Siberia are larger than in northern Canada and Greenland. 

A-3. | Figures A-3 | and |A-4 I show design air freezing index and design air thawing in dex va lues, in North America, 
computed for pavement design in accordance with the definitions in lparaaraphs 1-4<b (6) and l1-4cj 7). 

A-1 



TM 5-852-1/AFR 88-19, Volume 1 




U.S. Army Corps of Engineers 

Figure A- 1a. Distribution of mean air freezing indexes (° F) - North America. 
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Figure A- 1b. Distribution of mean air freezing indexes (°F) - Northern Eurasia. 
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Figure A-2a. Distribution of mean air thawing indexes f F) - North America. 
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Figure A-2b. Distribution of mean air thawing indexes (°F) - Northern Eurasia. 
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U.S. Army Corps of Engineers 

Figure A-3. Distribution of design air freezing index values of pavements in North America (° F). 

A-6 



TM 5-852-1/AFR 88-19, Volume 1 




*oo^ «oo too loo 



U.S. Army Corps of Engineers 



Figure A-4. Distribution of design air thawing index values for pavements in North America (° F). 



A-7 



TM 5-852-1/AFR 88-19, Volume 1 



APPENDIX B 
REFERENCES 



Government Publications 

Code of Federal Regulations 
CFR40, 1500-1508 

Department of Defense 
MIL-STD-619B 

Department of the Army 
AR 200-1 



Department of the Air Force 
AFR19-1 

AFR19-2 



Departments of the Ar my and Air Force 
TM 5-818-2/AFM 88-6, Chap. 41 
TM 5-852-2/AFR 88-19, Volume 2. 



TM 5-852-3/AFM 88-19, Chap. 3] 

TM 5-852-4/AFM 88-19, Chap. 4] 

TM 5-852-5/AFR88-19, Volume 5. 
TM 5-852-6/AFR 88-19, Volume 6. 

TM 5-852-7/AFM 88-19, Chap. 7. 



TM 5-852-9/AFM 88-19, Chap. 9. 
Departments of the Army, Navy and Air Force 
TM 5-809-1 0/NAVFAC P-355/ 

AFM 883, Chap. 13. 
TM 5-785/NAVFAC P-89/ 

AFM 88-29 



Protection of the Environment, Council on 
Environmental Quality 

Unified Soil Classification System for Roads, 
Airfields, Embankments and Foundations 

Environmental Quality, Environmental Protection 
and Enhancement; 7 December 1973 (with C1 and 
C2, 12 November 1975) 

Environmental Protection, Pollution Abatement and 
Environmental Quality, 9 January 1978 
Environmental Protection, Environmental 
Assessments and Statements, 10 August 1982 

Pavement Design for Seasonal Frost Conditions 

Arctic and Subarctic Construction, Site Selection 

and Development 

Arctic and Subarctic Construction, Runway and 

Road Design 

Arctic and Subarctic Construction, Foundations for 

Structures 

Arctic and Subarctic Construction, Utilities 

Arctic and Subarctic Construction, Calculation 

Methods for Determination of Depths of Freeze and 

Thaw in Soils 

Arctic and Subarctic Construction, Surface Drainage 

Design for Airfields and Heliports in Arctic and 

Subarctic Regions 

Arctic and Subarctic Construction, Buildings 



Seismic Design for Buildings 
Engineering Weather Data 



B-1 



TM 5-852-1/AFR 88-19, Volume 1 



BIBLIOGRAPHY 



Aitken, G.W. (1963) Ground temperature observations, Galena, Alaska. Hanover, N. H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 102. 
Aitken, G.W. (1964) Ground temperature observations, McGrath, Alaska. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 103. 
Aitken, G.W. (1964) Ground temperature observations, Big Delta, Alaska. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 104. 
Aitken, G.W. (1964) Ground temperature observations, Northway, Alaska. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 107. 
Aitken, G.W. (1965) Ground temperature observations, Barrow, Alaska. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 105. 
Aitken, G.W. (1965) Ground temperature observations, Kotzebue, Alaska. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory, Technical Report 108. 
Aitken, G.W. and C.W. Fulwider (1962) Ground temperature observations, Aniak, Alaska. Hanover, N.H.: U.S. Army 

Cold Regions Research and Engineering Laboratory, Technical Report 101. 
Arctic Construction and Frost Effects Laboratory (1954) Depth of snow cover in the Northern Hemisphere. 

ACFEL Technical Report 49. Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory. 
Balobaev, V.T., V.N. Devyatkin and I.M. Kutasov (1978) Contemporary geothermal conditions of the existence and 

development of permafrost. In Permafrost: The (U.S.S.R. Contribution to the Second International Conference, 

Yakutsk. Washington, D. C: NAS-NAE-NRC. 
Bilello, M.A. (1961) Ice thickness observations in the North American Arctic and Subarctic for 1958-59, 1959-60. 
Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/1 . 
Bilello, M.A. (1964) Ice thickness observations, North American Arctic and Subarctic, 1960-61, 1961-62. Hanover, N.H.: 

U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/2. 
Bilello, M.A. and R.E. Bates (1966) Ice thickness observations, North American Arctic and Subarctic, 1962-63, 1963-64. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/3. 
Bilello, M.A. and R.E. Bates (1969) Ice thickness observations, North American Arctic and Subarctic, 1964-65, 1965-66. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/4. 
Bilello, M.A. and R.E. Bates (1971) Ice thickness observations, North American Arctic and Subarctic, 1966-67, 1967-68. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/5. 
Bilello, M.A. and R.E. Bates (1972) Ice thickness observations, North American Arctic and Subarctic, 1968-69, 1969-70. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/6. 
Bilello, M.A. and R.E. Bates (1975) Ice thickness observations, North American Arctic and Subarctic, 1970-71, 1971-72. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory Special Report 43/7. 
Black, R.F. and W.L. Barksdale (1948) Terrain and Permafrost, Umiat Area, Alaska. Permafrost Program Progress 

Report No. 5. Washington, D. C: U.S. Geological Survey. 
Boughner, C.C. and J.C. Potter (1 953) Snow cover in Canada. Weatherwise, 6:1 55-1 59, 1 70-1 71 . 
Boyd, D.W. (1965) Climatic information for building design in Canada. Report No. 8329. Ottawa: Division of Building 

Research, National Research Council of Canada. 
Brown, R.J.E. and W.O. Kolpsch (1974) Permafrost terminology. NRCC 14274. Ottawa: Associate Committee on 

Geological Research, National Research Council of Canada. 
Cook, F.A. (1958) Temperatures in permafrost at Resolute, N.W.T. Canada Department of Mines and Surveys, 

Geographical Bulletin, no. 12, pp. 5-18. 
CRREL (1962) Ground temperature observations, Fort Yukon, Alaska. Hanover, N.H.: U.S. Army Cold Regions Research 

and Engineering Laboratory, Technical Report 100. 
CRREL (1964) Ground temperature observations, Gulkana, Alaska. Hanover, N.H.: U.S. Army Cold Regions Research 

and Engineering Laboratory, Technical Report 106. 
Department of the Army (1 962) Arctic construction. Technical Manual, TM 5-349. 
Gold, L.W. (1971) Use of ice covers in transportation. Canadian Geotechnical Journal, 8:170. 
Judge, A.S. (1973) Deep temperature observations in the Canadian north. In Permafrost: The North America, 

Contribution, to the Second International Conference, Yakutsk. Washington, D. O: NAS-NAE-NRC, pp. 35- 40. 
Linell, K.A. (1957) Airfields on permafrost. Proceedings of the America , Society of Civil Engineers, Journal of the Air 

Transport Division, 83(1 ):1 326-1 5. 



BIBLIOGRAPHY-1 



TM 5-852-1/AFR 88-19, Volume 1 

Linell, K.A. (1973) Long-term effects of vegetative cover on permafrost stability in an area of discontinuous permafrost. In 

Permafrost: The North American Contribution to the Second International Conference, Yakutsk. Washington, D. 

C: NAS-NAE-NRC, pp. 688-693. 
Naval Facilities Engineering Command (1975) Design manual, cold regions engineering. NAVFAC DM-9. 
Ryder, T. (1954) Compilation and study of ice thickness in the Northern Hemisphere, ACFEL Technical Report 47. 

Hanover, N.H.: U.S. Army Cold Regions Research and Engineering Laboratory. 
Stearns, S. R. (1965) Selected aspects of geology and physiography of the cold regions. Hanover, N.H.: U.S. Army Cold 

Regions Research and Engineering Laboratory Monograph l-A3b. 
Thomas, M.K. (1953) Climatological atlas of Canada. NRC 3151. Ottawa: Canadian Meteorological Branch, Division of 

Building Research, National Research Council of Canada. 
Thompson, H.A. (1966) Air temperatures in northern Canada, with emphasis on freezing and thawing indices. In First 

Permafrost International Conference Proceedings. NAS-NRC no. 1287. Washington, D. C. NAS-NRC, pp 272- 

280. 
U.S. Army Construction and Engineering Research Laboratory (1974) Handbook for environmental impact analysis. 

CREL Technical Report E-59. 
Washburn, A. L. (1973) Periglacial Processes and Environments. London: Arnold. 
Weyer, E.J., Jr. (1943) Day and night in the Arctic. Geographical Review, 33:474-478. 
Wilson, C. (1 969) Climatology of the cold regions, Northern Hemisphere, Part II. Hanover, N.H.: U.S. Army Cold Regions 

Research and Engineering Laboratory Monograph l-A3b. 

BIBLIOGRAPHY-2 



TM 5-852-1/AFR 88-19, Volume 1 

The proponent agency of this publication is the Office of the Chief of Engineers, United States 
Army. Users are invited to send comments and suggested improvements on DA Form 2028 
(Recommended Changes to Publications and Blank Forms) direct to HQDA (DAEN-ECE-G), WASH 
DC 20314-1000. 

By Order of the Secretaries of the Army and the Air Force: 



Official: 



CARLE. VUONO 

General, United States Army 

Chief of Staff 



R.L. DILWORTH 

Brigadier General, United States Army 

The Adjutant General 



Official: 



LARRY D. WELCH, General, USAF 
Chief of Staff 



WILLIAM O. NATIONS, Colonel, USAF 

Director of Information Management 

and Administration/ 

Distribution: 

Army: To be distributed in accordance with DA Form 12-34B, Requirements for Arctic and Subarctic Construction. 
Air Force: F 



"U.S. GOVERNMENT PRINTING OFFICE: 1996 - 406-421/50224 



TM 5-852-1 /AFR 88-19, Volume 1 




(MNO. AWCKACC 
VCIOCITY M MM 



mm. wzm wzm. wmm mm. mum mm mm mm/mmw^,. y % mm -mm, mm/mm/mm 'mm mm mm mm?, 'mm;. «&. 




WWO CHUl VAIUC 

CMCM*fO**| MUD OM KMatuu *ft M*UP »• 

* * **•*# *MO IVfUNIIO •»• *0«J»1 * t «Q»«vft O* *Mt 

IIPUMH fO fMl CbiMtAll O* *M*KKi CiaM 

D*U atlATio TO >|MHU>UM *•*© *•*«•*£,• *>>**o 

HiOcin iaiin »iom rt hiiqw *i«iMti tt* 
LCOCNO 

A - CONOlfOMt C4*««*4.i<r GOOD #00 *•*»■. '-mC 

i-coNOitcMi o***um*%f ■ *-• «o« »«*vf,.*«c 

C-COMKMT kMMT »Q« MACKAi r«*«ti 

D - DANC4«OUI *0* 'lAvli O* riwNMAf w>'ll 

1-AvfMCI ■!'««■ lumT »o* 0**t0**»©*» 



TRANSPORTATION CONSTRUCTION 

AND WATfft &UFflV DATA 

OCV«*mm«MO ■•O— i«A» tOtAO vl *-C»© >0«« 

noes 

***** till AhtO »*tl ONii OS »tl» IK>i ••••-O *»•<) 
Al«Ot#M|a.< flUuM C i W U **-»#• .l»tt to • *•• 

• ft *vc> ** i «tt» -*f*a i*o« o*<* •«o» *%t 

***0 Oft ikliAtON .ft 40 i "il tt .ft nOI «IO"IO 

L*T 71- IO ■« » «• 

iO*«C IM' M M 9 ■* 
li »0 rt 



u • o • itci v y 



Figure 2-14. Work feasibility chart, Point Barrow, Alaska. 
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